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Summary.-Non-progressive retinal lesions, observed in patients known to carry
the gene for retinoblastoma, have in the past been called "spontaneous regression" of
retinoblastoma. This term suggests shrinkage of a malignant growth, perhaps in
response to some host defence mechanism. On the basis ofobservations on30 patients,
we propose that the term "retinoma" would be less presumptive and more suitable.
Retinoma is clinically defined as a translucent, grey, elevated mass extending into
the vitreous from the retina, frequently associated with calcified foci and pigment-
epithelium hyperplasia. The diagnosis of retinoma strongly suggests the presence of
the retinoblastoma gene, necessitating genetic counselling and frequent observation
of the retinas in the individual and his offspring. We suggest that the same mutations
can cause either retinoma or retinoblastoma: benign hyperplastic nodules or reti-
noma when the mutations occur in relatively mature retinoblasts; and malignant
retinoblastoma when the same mutations arise in immature retinoblasts.
RETINOBLASTOMA is a Irare inalignant
tumour of embryonic retinal cells, associ-
ated with a dominantly inherited autoso-
mal gene in one-third of cases. Although
retinoblastoma is generally considered
fatal without treatment, the apparent
frequency of spontaneous regression may
be as high as 1% (Gallie et al., 1977a). Tn
contrast, Cole (1974) reviewed the evi-
dence for spontaneous regression in all
other malignant diseases and concluded
that the overall frequency was 1/80,000 OI
about 1000 times less frequient than in
retinoblastoma.
Two distinct clinical entities have been
labelled "spontaneous regression ofretino-
blastoma". The first entity, of shrunken,
scarred, calcified eyes (phthisis bulbi)
probably results from complete intra-
ocular ischaemic necrosis of the tumour
(Andersein & Jensen, 1974). The mechan-
isms leading to the second entity, non-
progressive retinal lesions in otherwise
functional eyes, are less obvious. To obtain
a better understanding of the biological
and possible therapeutic significance ofthe
non-progressive retinallesions, wesearched
through the records of 1500 retinoblastoma
patients and their relatives seen at the
Harkness Eye Institute between 1961
and 1979, and identified 28 individuals
who had been diagnosed as having this
form of spontaneous regression of retino-
blastoma; 2 more patients were seen at
the Toronto clinic. Consideration of this
clinical material leads us to propose the
new term "retinoma" to designate these
distinctive retinal lesions, highly associ-
ated with retinoblastoma but lacking
malignant characteristics.
METHODS
All the individuals considered possibly to
manifest spontaneous regression of retino-
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blastoma had at least one characteristic
lesion of the retina, observed through a
dilated pupil with an indirect ophthalmo-
scope. These lesions did not change on
repeated examination. In addition, all pat-
ients were free of actively growing retino-
blastoma and had received no radiotherapy
or chemotherapy. A detailed family history
was obtained from all individuals to deter-
mine whether or not any relatives had had
retinoblastoma.
RESULTS
Non-progressive retinal lesions, defined
by the 3 features shown in Fig. 1, were
present in 34 eyes of 30 patients, 15 male
and 15 female. Compared to the cases of
retinoblastoma seen at the Harkness Eye
Institute, a frequency of 1-8% (28/1500)
can be calculated, but the referral pattern
of this clinic makes this estimate inaccur-
ate. A homogeneous, translucent, grey,
elevated mass resembling "fish flesh"'
extended from the retinal surface into the
vitreous cavity in 90% of the lesions, with
retinal blood vessels irregularly deviating
into the masses. Opaque, white nodules,
apparently containing calcium, and having
the appearance of "cottage cheese" occur-
red in 7500 ofthe lesions. Retinal pigment-
epithelium migration and proliferation in
areas underlying and adjacent to the
nodules caused irregular pigment distribu-
tion around 61% of the lesions. Two or
more of these features in each patient
permitted inclusion in ths study, but
some individual lesions displayed only one
feature. Fluorescein angiography (Fig. 2)
shows that the lesions are supplied mainly
by the retinal circulation. With repeated
observation over intervals of 1-28 years
(mean 10) the lesions failed to change. For
the purposes of this paper, we will use the
term "retinoma" to refer to these essen-
FIG. 1. The 3 features of retinoma are demonstrated in the fundus photograph of Case 5: homo-
geneous, translucent, grey mass extending into vitreous (A), "cottage cheese" calcification (B),
and proliferation and migration of the pigment epithelium (C).RETINO(MA AN I) RETI NOBLASTOMA 5
FIG. 2.-Fluorescein angiograplhy on the retinoma of Case 395, revealing retinal blood vessels
supplyinig retinoma (t) aid clhoIoioi circulation visible tlhirouglh the pigment-epithelium defect (tt).
tially benign retinal tumours witlh clini-
copathological feattires suggesting retino-
blastoma, in order to avoid the presump-
tion that they are indeed retinoblastoma.
The Table summarizes the clinical and
genetic data for the 30 cases, subdivided
into 5 groups. Individuals in Group A (7
cases) had a single retinoma in one eye
with no past or family history of retino-
blastoma. Individuals in Group B (3) had
multiple, bilateral retinomas, with no
family history and no previous patho-
logical evidence of retinoblastoma. The
retinomas in Groups A and B were detect-
ed on routine eye examination. The mean
age at diagnosis of retinomas was 8 years
(range 5-1 6).
All retinoma cases had nor-mal intelli-
gence and showed no malformations
suggesting deletion of chromosome 13.
Case 31 has a familial translocation 13 :14,
but this does not segregate with retino-
blastoma in his daughter and is probably
coincidental.
Individuals in Group C (6) had single or
multiple retinomas and a family history of
retinoblastoma, but the individuals them-
selves were never diagnosed or treated for
retinoblastoma. Fatal progression of reti-
noblastoma occurred in relatives of 3
individuals in this group: the daughter of
Case 1, a sibling of Case 36, and the
daughter of Case 115. The retinomas in
Case 31 were discovered on routine
examination at the age of 24 years, and
he was originally placed in Group B.
Recently, his newborn (laughter was
found to have retinoblastoma and he was
moved to Group C. The other individuals
in this group were identified when relatives
were fouind to have retinoblastoma. Their
mean age at diagnosis of retinoma was 1]8
years (range 3-29).
Patients in Grouips D and E had uni-
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Sex
TABLE.-Summary of clinical data
Age at Resultant
Ocular lesions* detection visual
(r=retinoma) (yrs) acuity
M OD: r (abe)
F OS: r (ac)
M OD: r (abc)
F OS: r (abc)
M OS: r (abc)
F OS: r (ab)
Ft OD: r (abe)
M OD: 4r (b, ab, a, a)
OS: r (ab)
M OD: 3r (ab, a, a)
M OD: 2r (ab, ae)
OS: cataract; posterior
calcified mass by
ultrasound
F OD: 2r (abe, ab)
Mt OD: 2r (abe, abe)
OS: 2r (abe, abc)
F Bilateral r (ab, abe)
F Bilateral r (abc, abc)
Mt OD: 2r (ac, a)
M OD: r (abc)
M OD: en (RB)§
OS: r (abc)
M OD: en (phthisis bulbi)
OS: r (ac)
F OD: r (abc)
OS: en (RB)
F OD: 2r (a, b)
OS: en (RB)
F OD: en (RB)
OS: 2r (abe, ac)
F OD: en (RB)
OS: 2r (abc, ac)
F OD: 2r (ab, a)
OS: en (RB)
M OD: en (RB)
OS: 2r (ab, ac)
glaucoma
M OD: r (abc)
OS: en (RB)
M OD: en (RB)
OS: r (abc)
F OD: en (RB)
OS: r (ac)
F OD: r (ac)
OS: en (RB)
M OD: en (RB)
OS: r (bc)
F OD: r (abc)
OS: en (phthisis bulbi)
5
7
9
10
7
16
6
8
7
9
29
24
24
22
5
3
8
13
32
32
4
1 2/12
40
2
3/12
26
18
18
6/12
9/12
35
25
6/12
6/12
30
2
28
24
2
2
25
40
8
20/20
20/20
20/20
20/20
20/20
20/20
20/20
20/20
20/20
20/20
20/20
NLPI
20/20
20/20
20/80
20/20
20/20; 20/60
20/70
20/200
20/20
20/400
20/20
20/25
20/20
20/20
20/20
20/20
20/50
20/40
20/20
20/30
Unknown
20/25
Children with Other relatives
retinoblastoma/ with
total children retinoblastoma
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
1/1
1/1
3/5
4/5
0/0
0/0
0/0
0/0
0/0
0/2
2/2
1/1
1/2
2/2
2/2
1/4
0/0
1/1
2/2
1/2
None
None
None
Unknown/adopted
None
None
None
None
None
None
None
None
I sibling
None
Father, 2 siblings
1 sibling
None
None
None
None
None
Father, 1 sibling
None
Granddaughter
None
None
1 sibling,
grandmother
None
Unknown
None
* The letters indicate the properties of the retinoma; each retinoma may have 1, 2, or 3 of the following
attributes: (a) grey translucent mass; (b) "cottage cheese" calcification; (c) changes in the surrounding
pigment epithelium. OS, OD. Left and right eyes, respectively. en= enucleated.
t Previously reported: Case 233 in Rubin & Kaufman (1969); Case 31 in Morris & Lapiana (1974); and
Case 128 in Brockhurst & Donaldson (1970).
t No light perception.
§ RB: pathological confirmation of retinoblastoma.
Case
Group no.
A 5
62
120
139
154
221
233
B 57
266
237
C 1
31
36
115
128
346
D 89
200
205
396
E 28
70
159
165
215
232
283
304
306
395RETINOAl1A ANI) RETINOBLASTOMAl1
Family I
Unilateral
C retinoblostoma
Case 165F1 0 and/or Retinoma
l Bilaterol
retinoblastoma
Case 70
Family
FIG. 3.-Pedigrees of 2 families from tfle
Table. Family I: Case 115 with 2 husbands,
lhad 4 childlren with retinoblastoma and I
normal child, before characteristic lesions
were foundl in her eyes. Family II: Cases
70 and 165 each bad 1 eye enucleated withi
retinoblastoma in childhood, and retinomas
were foundI in the remaining eyes when
retinoblastoma Mwas *ieteetecl in theie
offspring.
lateral tumours treated by enucleation
with pathological confirmation of the
diagnosis of retinoblastoma. With the
exception of Case 200 (see below), enucle-
ation was performed in early childhood
(mean age 1 7 years, range 3 months to 8
years). Subsequently, at a mean age of 25
years (range 4-40), these individuals were
found on examination of their remaining
eye to have small retinomas. Patients in
Group D (4) had no family history of
retinoblastoma but those in Group E (10)
had affected family members.
Cases 237, 200, and 395 each had, in one
eye, corneal or lens opacities precluding
visualization of the fundus, with X-ray
evidence of intraocular calcium, and
retinoma in the other eye. After enuclea-
tion for cosmetic purposes, microscopic
examination of the phthisical eye in Cases
200 and 295 showed gliosis and calcifica-
tion; despite the absence of recognizable
tumour cells, the pathological appear-
ances are considered to be consistent with
necrotic retinoblastoma.
The pedigrees of 3 of the individuals
listed in the Table are shown in Fig. 3. In
Family I (Case 115, Group C), a mother
produced 4 children with retinoblastoma
by 2 different fathers; one child died of
metastatic retinoblastoma and another
probably of pinealoblastoma, though
metastatic retinoblastoma could not be
ruled out. The mother had no clinical or
previous family history of retinoblastoma,
but examination of her retinas revealed
multiple, bilateral retinomas. In Family
II, there are 2 individuals with retinomas
in succeeding generations. Case 165 had
unilateral retinoblastoma treated by enu-
cleation. When he subsequently produced
2 offspring with retinoblastoma, he was
re-examined, and 2 small retinomas were
detected in his remainingeye. Hisdaughter
(Case 70) also had a unilateral retino-
blastoma treated by enucleation. Later
examination of her remaining eye, when
her own child developed retinoblastoma,
revealed 2 retinomas.
DISC'USSION
XVe have found 36 cases in the literature
of retinal lesions in functional eyes,
reported as spontaneous regression of
retinoblastoma, which appear to be identi-
cal to what we have called "retinomas".
Three individuals (Cases 31, 128 and 233)
reported in the present study have been
previously described (Morris & Lapiana,
1974; Brockhurst & Donaldson, 1970;
Rubin & Kaufman, 1969). Although the
present study is the largest collection of
such cases, it is clear from the literature
that retinomas, though rare, have been
seen in many centres throughout the
world for many years. The excellent
clinical descriptions and frequent photo-
graphs demonstrate well the characteris-
tics of retinomas.
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Twenty-seven of the 36 previously
reported cases of retinomas were associ-
ated with retinoblastoma: 8 had a family
history (Morris & Lapiana, 1974; Brock-
hurst & Donaldson, 1970; Khodadoust et
al., 1977; Smith, 1974; Merin et al., 1965;
Hine, 1944), 14 had retinoblastoma in the
other eye (Smith, 1974; Fuchs, 1943;
Karsgaard, 1971; Meller, 1915; Salzmann,
1921; Seuss & Stutz, 1951; Siegrist, 1912;
Von Hippel, 1928; Wustenberg, 1950) and
5 had both a family history and retino-
blastoma in the other eye (Smith, 1974;
Purtscher, 1914; Stallard, 1936). The
remaining 9 cases of retinoma had no
other evidence of retinoblastoma (Rubin
& Kaufman, 1969; Smith, 1974; Boniuk &
Zimmerman, 1962; Nehen, 1975; Pearce &
Gillan, 1972; Sakic, 1959). In the present
study, two-thirds of the cases have either
immediate family members affected by
retinoblastoma, have themselves a diag-
nosis ofretinoblastoma in the other eye, or
both. The clearest proof of the association
of retinomas and retinoblastoma is Case
115. Since this woman with bilateral
retinomas produced 2 children with retino-
blastoma by each of 2 husbands, there is
little doubt that she carries the gene for
the heritable form of retinoblastoma. We
conclude from these data that retinomas
and retinoblastoma are induced by similar
genetic changes. Furthermore, we propose
that multiple retinomas, or a single
retinoma in the remaining eye of a uni-
lateral retinoblastoma patient, indicate
the hereditary form of retinoblastoma.
This hypothesis leads to 3 predictions.
First, the age at diagnosis for the uni-
lateral retinoblastoma patients in Groups
D and E should be more characteristic of
bilateral hereditary retinoblastoma than
of non-hereditary unilateral disease. The
mean age at diagnosis ofretinoblastoma in
Groups D and E was 1 8 years, a value
similar to that reported for bilateral-
retinoblastoma patients.
Second, close to 50% of the offspring of
individuals in Groups B and D will
develop hereditary retinoblastoma. Case
31 represents the first confirmation of this
prediction. This person originally was
diagnosed with bilateral retinomas in the
absence of any family history of retino-
blastoma and was placed in Group B.
However, this individual recently pro-
duced a child who has developed multiple
retinoblastoma tumours; Case 31 is now
listed in Group C.
Third, on the basis of the observation
that only 10% of unilaterally affected
patients have the heritable form of
retinoblastoma, we predict that only 10%
of the individuals with a single retinoma
(Group A) may produce children with
retinoblastoma. All the children produced
by the individuals listed in the Table will
be followed to determine the validity of
this prediction.
Because of the significance of the
diagnosis of retinoma, it is important that
the initial identification of a lesion be
correct. A retinoma is characteristically a
translucent, grey, retinal mass with calci-
fied nodules and an underlying disturbance
of pigment epithelium, as shown in Fig. 1.
Differential diagnosis in cases without
other evidence of retinoblastoma would
include larval granuloma without the
usual inflammatory reaction, and astro-
cytic retinal hamartoma. Early astrocytic
hamartomas are translucent, but later
progress to a denser white appearance with
many nodular areas of calcification, clas-
sically resembling a mulberry. These may
be multiple and associated with systemic
signs of tuberous sclerosis. Clinical differ-
entiation of retinoma from active retino-
blastoma is also critical. Indeed, retinomas
very closely resemble post-irradiation
regressed retinoblastoma. Actively grow-
ing retinoblastoma has a more opaque,
pinkish-white appearance, in contrast to
the grey, translucent appearance of
retinomas.
The final differentiztion can be made,
however, by serial observation. Retinomas
do not progress; actively growing tumours
will enlarge, spread and affect normal
intraocular structures. At the first sign of
enlargement, any suspicious lesions must
be treated as retinoblastoma. Rychener
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(1948) observed malignant retinoblastoma
in an eye of a 33-year-old who had been
observed for retinoma; it is important
that retinomas be observed periodically
throughout the patient's lifetime.
The mechanisms by which retinomas
arise are not known. The previous term
"spontaneous regression of retinoblas-
toma", implied that some naturally occur-
ring event interfered with proliferation of
malignant cells, leading to decreased
tumour size. Since it would be unethical to
refuse treatment of an obvious tumour, it
is difficult to observe regression in retino-
blastoma. W'istenburg (1950) observed 2
individuals at the beginning of World War
II with typical retinoblastomas; neither
patient could be treated. When seen again
8 years later the lesions in both children
had "regressed" and were characteristic of
retinomas. These 2 cases represent the only
examples, albeit partially documented, of
regression of retinoblastoma, without
treatment and without phthisis bulbi.
Despite the lack of data documenting
regression, the conventional wisdom is
that retinomas arise by regression of
retinoblastoma. If one considers various
possible mechanisms for regression, it is
difficult to find support for any of them.
Immunological mechanisms are com-
monly postulated in conversion of retino-
blastoma into retinoma. Although Char
et al. (1 974) originally reported specific
cytotoxicity in the peripheral blood of
patients with retinoblastoma, we have
found that peripheral-blood lymphocytes
from patients with retinomas had the
same cytotoxicity against retinoblastoma
as lymphocytes from other retinoblastoma
patients and from controls (Gallie et al.,
1 979a). We also observed no correlation
of HLA-A or B with retinoblastoma or
retinomas (Gallie et al., 1 977b). At present
there is no evidence that immunological
mechanisms are involved in retinomas or
retinoblastoma.
Verhoeff (1 966) suggested that excessive
calcification might inhibit growth of
retinoblastomas. However, because not all
retinomas contain calcium, whereas many
retinoblastomas contain large quantities
of calcium without any sign of retarded
growth, it is unlikely that calcification
plays any roleintheaetiologyofretinomas.
Ischaemic necrosis is prominent in most
retinoblastomas, and may well explain the
"spontaneous regressions" of retinoblas-
toma which result in phthisis bulbi. How-
ever, retinomas have a clinically observ-
able intact blood supply, as dlemonstrate(l
in Fig. 2, making ischaemia unlikely.
Smith (1974) studied microscopically 2
eyes containing untreated lesions fittinig
our description of retinomas. He found
only small areas of necrosis, and did not
detect dividing tumour cells. He charac-
terized the cells as "differentiated neural
elements" and proposed that tumour-cell
maturation was the mechanism of "re-
gression", drawing a comparison with
benign ganglioneuromatous differentia-
tion seen in neuroblastoma. These retino-
mas, however, did not show the usual
pattern of highly differentiatedl retino-
blastoma with Flexner-Wintersteiner
rosettes, Homer-Wright rosettes and
fleurettes, that has been described by
Tso et al. (1 970) in slow-growing radiation-
resistant retinoblastomas. These mor-
phological data, showing that the only
retinomas studied histologically contain
differentiated elements, suggest that ab-
normal differentiation may produce
benign nodules such as retinomas.
In this context, Knudsen & AMeadows
(1980) have suggested that benign hyper-
plasia is often associated with heritable
tumours, because the germ-line mutation
itself leads to increased proliferation of
certain tissue types, depending on the
mutation. If any cell in the expanded
hyperplastic population acquires a second
mutation, they propose that that cell will
become malignant. Thus, according to
their hypothesis, neuroblastoma IVs,
hereditary neurofibromas, C-cell hyper-
plasia and adrenal medullary hyperplasia
are benign hyperplasias resulting from
different, single germ-line mutations.
Acquisitions of a second mutation in any
of these cells will lea(d to neuroblastoma,
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neurofibrosarcoma, medullary carcinoma
of the thyroid or phaeochromocytoma
respectively.
By analogy, one could propose that
retinomas are benign hyperplasias result-
ing from a germ-line mutation affecting
retinal differentiation, and that retino-
blastomas are the tumours resulting
from a second mutation. This model is
unlikely for 2 reasons. First, although
there is some histological evidence for
imperfect differentiation in the non-
tumour retina of patients with hereditary
retinoblastoma (Uga et al., 1978), most
patients have normal visual function and
normal electroretinograms in successfully
treated eyes. Second, retinomas are rare.
Only a small proportion of asymptomatic
carriers ofthe retinoblastoma gene develop
retinomas, and when these do arise, few
are seen in affected patients. If the germ-
line mutation alone was sufficient to in-
duce retinomas, we would expect them to
occur frequently and in high numbers in
affected patients.
Therefore we propose that retinomas,
like retinoblastomas, require anotherevent
in addition to the germ-line mutation.
This alternative explanation of retinomas
is also based on Knudson's 2-mutation
hypothesis (Knudson, 1971). Since the
frequency of retinoblastoma development
drops rapidly after 5 years of age, the
target for induction of retinoblastoma
must disappear with time; otherwise
individuals with retinoblastoma should
appear in all age groups, with the inci-
dence gradually increasing with age. The
fact that tumours do not appear in adults
implies that retinoblasts eventually differ-
entiate into cells in which mutations or
other carcinogenic events cannot lead to
the development of a tumour. Presumably
carcinogenic events occur at random, and
may happen at any stage in the differen-
tiation of retinoblasts. If the final muta-
tion occurs in an immature retinoblast, it
will lead to retinoblastoma. If the muta-
tion occurs in a partially differentiated
cell before terminal differentiation, it
could cause abnormal proliferation leading
to a hyperplastic nodule of differentiated
cells; i.e., a retinoma. If the mutation
occurs in a terminally differentated cell, it
will have Ino effect because these cells
cannot proliferate.
This explanation fits with the available
clinical data on retinomas. In this model
both retinoma and retinoblastoma are
induced by the same series of mutations,
the difference arising from the timing, in
terms of embryological retinal develop-
ment, of the second mutation. Retino-
blast cells, capable of giving rise to
retinoblastoma, are present for the first
few years of life. The low frequency of
retinoma compared to retinoblastoma
suggests that the transition phase between
retinoblast and adult retinal cell may be
short.
By this model it is entirely possible for
retinomas and retinoblastoma to co-exist
in the same patient, though if present in
the same eye the retinoblastoma would
overshadow the retinoma, making its
(liagnosis unlikely. The nonspecific, non-
photoreceptor type of "differentiated
neurons" seen in the retinomas examined
histologically by Smith (1974) would be
consistent with benign proliferation of an
earlv retinal cell.
This researel was stupportedt in part by Fight-for-
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